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(57) Abstract 



A high performance structural foam (26) is used for 
! stiffening parts (28, 30) such as plasdc parts. The foam 
can be formulated for in-mold use at elevated temperatures 
or at ambient temperatures for use with previously molded 
parts. Various ingredients are used to control the properties 
of the foam. 
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HIGH PERFORMANCE STRUCTURAL FOAM FOR STIFFENING PARTS 

Background of the Invention 

Structural foams are a cost effective way to meet structural requirements 
with a very low weight. In the automotive industry this means money. 

The use of plastic as structural components has been increasing yearly 
in the building of automobiles. Plastics are lightweight, corrosion proof and in 
some cases recyclable. There is a cost in strength and in elevated temperature 
warpage with such plastics. Known plastic materials include sheet molded 
compounded (ASMC@) and ABS materials. In certain applications the strength 
of the plastic is not sufficient or the weight of the plastic is too much. It would be 
therefore desirable if some means could be provided to structurally reinforce 
such plastic materials. It would also be desirable if such means could be used 
for materials other than plastic and for uses other than in the automotive industry. 

Summary of the Invention 

An object of this invention is to provide structural foams which meet the 
above needs. 

A further object of this invention is to provide such structural foams which 
can be cured under heat or alternatively variations which can be cured at 
ambient temperature. 

In accordance with this invention high performance structural foam is 
provided for stiffening parts, such as plastic. Such parts could be premolded 
parts, could be hollow, could be channel shaped or could simply be structural 
members of any shape which require reinforcement. The foam is preferably a 
two component syntactic material which may be expandable. The foam 
preferably contains beads such as glass, ceramic or plastic beads to provide the 
desired viscosity and to reduce weight and cost. A blowing agent could be used 
where the foam is expandable. The foam preferably also includes a Theological 
agent to control flow of the material. A curing system is used to control the 
polymer properties of the material. In addition, the foam could include diluents, 
filler surface treatment, rubber and fibers as well as other additives. 



Brief Descrip tion of the Drawing 

Figure 1 is a top plan view showing a representative plastic part reinforced 
by structural foam in accordance with this invention; 

Figure 2 is a cross-sectional view in elevation of the part shown in Figure 
1 with the foam in an unexpanded state; 

Figure 3 is view similar to Figure 2 with the foam expanded; 

Figure 4 is a top plan view of an alternative representative plastic part 
reinforced by the structural foam of this invention; 

Figure 5 is a cross-sectional view in elevation of the part shown in Figure 
4 with the foam in an unexpanded state; 

Figure 6 is a view similar to Figure 5 showing the foam in its expanded 
state; and 

Figure 7 is a perspective view of a pickup truck bed utilizing the invention. 

Detailed Description 

The present invention, in general, relates tojwo component type 
formulations that could be formulated for in-mold use at elevated temperatures 
or at ambient temperature applications for filling hollows in previously molded 
parts. In its broad application the foam resulting from the formulation can be 
used as a reinforcement in a hollow tubular member, in a channel shaped 
member having an open top, along side a plate-like member, or around the 
outside of any such members. The specific part being reinforced is not critical, 
although to some degree its shape, dimensions and material would affect what 
the ultimate formulation of what the foam would be. The foam is particularly 
intended as a reinforcement or stiffener for plastic parts. In its broad aspect, 
however, the invention may be practiced for reinforcing or stiffening parts made 
of other types of materials, including metal (such as steel) and fiberglass. 

In the practice of this invention, the foam bonds to and makes intimate 
contact with the part it is reinforcing. 

In general, the foam would include a release agent where the foam is 
cured under heat Although it is not necessary that the foam be expandable, in 
the preferred practice of the invention physical or chemical blowing agents may 
be used for expanding the foam. Different reacting rates of cure would be used 
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to create different foams to meet different processing requirements. Similarly, 
the density of the foam product can also be varied. The density of the foam is 
chosen in accordance with the required strength. For example, the lighter the 
foam then the weaker it is. The foam can be made with a specific gravity of 0.3 
or less with compressive strength and modulus that are quite high for its weight. 

There are a number of factors that control the formulation in the practice 
of this invention. Heated mold formulations require internal release agents, 
slower cured and physical blowing agents that react at higher temperature such 
as at least 100'F. Ambient temperature products curing, for example, at 77*F, 
which is considered room temperature require the opposite. Such products 
should not have release agents because they would be used in pre-molded 
parts. The reaction heat of the cure must be chosen so that the blowing agent 
reacts but the part does not melt Also, the actual amount used in the part must 
be high enough for its strength requirement, yet low enough to be cost effective. 
Preferably, the foam is used only in places where the part=s strength is not 
sufficient Thus, the foam might be at spaced locations to support the part only 
where necessary. 

Density and strength are opposing factors. By incorporating hollow beads, 
fibers and, for example, titanates in the foam, strength and modulus are much 
higher than would seem possible. Beads such as glass beads allow a reduction 
in weight and cost Fibers function to increase strength and the titanate permits 
a reduction in weight and cost, thus lowering the cost and achieving higher 
strength values. When applied appropriately to the part it is possible to achieve 
the goal of a lightweight, high strength and cost effective part. 

As can be appreciated the invention provides the flexibility to be 
customized to the particular needs as a structural foam for supporting or 
stiffening various parts. Accordingly, the invention does not involve a one- 
product-fits-all type approach. The structural foam would be used Only where it 
is cost effective. The formulating of the foam for the process and its application 
would be generally only where the strength of the part, such as a plastic part, is 
not enough or where the weight of the part is too much. Properly chosen 
formulations result in weight reduction, strength and cost effective solutions to 
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meet the priority in automotive building. 

Figures 1-3 show a representative application of the invention for 
reinforcing a plastic part. As shown therein/the part 10 is of U-shape 
construction having a channel and is made of plastic. Foam 12 is inserted in part 
10. Foam 12 is cured at ambient or room temperature such as 7TF, since part 
lOispremolded. In Figure 2 foam 12 is in its unexpanded condition. After curing 
foam 12 expands to completely fill the channel of part 1 0. 

Figures 4-6 illustrate a further variation wherein the part 20 is a plastic 
plate spaced from a further part 22 which could also be made of plastic or any 
other material such as steel. Part 22 alternatively might be a support layer for 
the foam 24 located in the spacing between parts 20 and 22. Figure 5 illustrates 
the foam 24 in its unexpanded condition, while Figure 6 shows the foam 24 to be 
fully expanded. 

Figure 7 illustrates a practice of the invention as a truck bed, such as for 

a pickup truck. As shown therein the resulting composite would replace a 

conventional metal sheet bed. To form the bed, a foam core sheet 26 which is 

about 2 inch thick is made by pouring the epoxy and curing it for 5 minutes at 

350 F. Next layers of reinforced SMC, a fiberglass reinforced sheet is formed on 

each side of core sheet 26. SMC is an art recognized term for sheet molded 

compound materials. The layers 28,30 are sequentially molded to core sheet 26 

to form a sandwich laminate capable of withstanding loads of 500 pounds. The 

top layer 28 may have corrugations or any other surface pattern or may be of any 

shape. Similarly, bottom layer 30 may have any thickness or shape or have any 

surface pattern. Preferably the three layers are coterminus. For use as a pickup 

truck bed the laminate is preferably 6 foot by 4 foot. 

The following is an exemplary two component formulation of foam core 
sheet 26: 



COMPONFMTA 

tnqredien * %mm 



Epoxy resin 
Fibre 

Fumed silica 



62.53 
11.87 
2.37 
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Release Agent 
Blowing Agent 
Glass Bubbles 
Titanate 



4.48 

5.14 
12.30 
0.60 
0.71 



CaO 



100.00 



Component B would be amine ingredients in an amount equal by weight 
to component A Thus, component A is epoxy based while component B is 
amine based. Component A would have an SPG of 0.95 and while that of 
component B would be 1.00 with the combined being 0.96. The volume ratio-of 
component A to component B is 3.70:1.00. 

It is to be understood that the parts illustrated in Figures 1-7 are merely 
representative parts. The invention could be used, however, for filling hollow 
tubular parts, for filling the channel of U-shaped parts, as a support on one or 
both sides of a plate-like part, as a core between two parts, for curved parts, for 
parts of various geometry and could be used by being applied completely or 
partially around the outer surface of the part. A particularly useful application of 
the invention is for stiffening SMC such as to produce a structural beam made 
of the foam encased in SMC for a pickup truck bed. Other automotive 
applications include various support rails or hollow rails and pillars, for reinforcing 
a rocker panel and for reinforcing a drive shaft. The invention, however, is not 
limited to use in the automotive field, but could have such diverse uses as jet 



component syntactic foam which is preferably expandable. The invention may 
be practiced with two types of such foam. One type is cured at elevated 
temperature and the other type is cured at ambient temperature. Both types of 



skis. 



The invention may thus be considered as being directed to a two 
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foam would have a thermoplastic or thermoset plastic encasing them. The two 
components would comprise a polymer and a catalyst carrying agent which 
would, for example, be mixed together and then pumped through a static mixing 
tube. The foam would be cured by a reaction which would take place quickly 
where done slower under ambient temperatures or would be done under 
elevated temperatures. Heat curing could take place in automotive paint ovens 
such as for e-coating. There are several types of base polymers that could be 
used. For example, the binding polymer resin can be an epoxy (amine) type or 
a styrene (peroxide) type or an acrylic (peroxide) type or a urethane. 

The density can be varied to suit the needed conditions as can the 
modulus, tensile strength, color, cost, viscosity, mix ratio and time to cure. The 
formula and processing conditions would vary in accordance with the 
considerations of the properties desired for the resulting produced part. 

The ambient cured product is different than the heat cured product in that 
the curing.agent chosen must be reactive enough to generate the heat needed 
to cure and to expand the foam product quickly enough. The heat cured foam 
product must not generate an extreme exotherm so that the part, particularly a 
plastic part, will not burn from the inside out from too much heat. Large volume 
parts generate much more heat than smaller ones. Thus, the reactivity of the 
curing agent must be chosen for the size part produced. Given these guidelines, 
one of ordinary skill in the art would know what materials and parameters to use. 

The ambient temperature cured product would be used in a premolded or 
preformed part and cured while in or against the part The heat cured part could 
be cured in a mold. For example, the part might be molded and then placed in 
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a mold in which the heat cured foam would be placed. The part being reinforced 
could be injection molded around the foam. Various known techniques may be 
used for forming the parts being reinforced and for placing the foam in contact 
with the parts. 

The foam would include a number of possible basic ingredients in the 
polymer. For example, one ingredient would be beads, preferably made from 
glass, ceramic or plastic. The beads would be present in an amount of 0-40% 
by weight of the polymer, with the remainder being the binder and other 
ingredients. The use of beads controls the viscosity and results in reduced 
weight and cost of the foam. 

The polymer might also include an internal mold release agent or agents 
which would be used in the heat cured product but not in the ambient 
temperature cured product A sufficient amount of release agent would be used 
which in turn would depend on the type of condition or the mold. A newer mold, 
for example, would require less release agent. The use of release agents are 
known in the art, as would be the amounts' necessary to achieve its release 
agent function. 

Although the invention may be practiced with a non-expandable foam, it 
is preferable that the foam be expandable. A chemical or physical blowing agent 
could be used. For example, a suitable chemical blowing agent would be sodium 
bicarbonate. A suitable physical blowing agent would be plastic cyclopentane 
spheres in liquid form which become gaseous. 

The polymer should also include a rheological agent such as fumed silica 
or a fine grade filler such as calcium carbonate. Preferably, the rheological agent 
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would be present in an amount of about 5% by weight, adjusted up or down in 
accordance with desired results. The rheological agent functions to control flow 
of the material. 

The polymer should also include a curing system such as an epoxy 
equivalent weight stoichemetric reaction with amine. The curing system controls 
the polymer properties. 

Preferably, the polymer includes up to 10% by weight diluents to lower the 
viscosity. 

The polymer should include filler surface treatments such as silane or 
titanate which bonds the polymer to the filler and gives stronger physical 
properties. Titanates are advantageous in reducing the weight and cost. It is 
only necessary to have, for example, less than 1% by weight of such materials. 

A further component for the polymer may include about 5% by weight 
(adjusted up or down) rubber which increases the toughness of the material. 

Fiber, such as made from glass, KELVAR or carbon might be incorporated 
in the material to increase its strength. 

Other additives might be included for any desired purpose to provide color 
to include a metallic filler for heat transfer purposes etc. A further ingredient 
could be a flexiblizer material such as epoxies and diluents which act similar to 
rubber to provide flexibility to the material. 

The components or ingredients of the polymer can be varied to provide 
a virtually infinite amount of possibilities to meet almost any need for 
compressive modules, compressive strength, tensile strength, specific gravity 
and flexural modulus. 
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The specific gravity would be controlled in accordance with the amount 
and type of beads and the crush strength of the beads versus its weight. 
Additives would also affect the specific gravity. 

Where the foam is expandable the amount of expansion would be 
controlled by the chemical or physical blowing agents. 

The modulus and strength variables would be controlled by the inclusion 
of rubber, expanding plastic beads, flexibilizers, the volume of the part being 
reinforced, fibers, and release agents. 

Given the guidelines of this invention, one of ordinary skill in the art would 
know what specific ingredients and their amounts should be used to attain the 
desired end properties of the foam. 

In general, the properties of the uncured materials would be such that it 
can be added to a mold so that viscosity, thixotropy, specific gravity and time of 
gel would be balanced appropriately for the intended application. 
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What Is cla imed is; 

A method of stiffening parts comprising formulating a syntactic structural 
foam from a polymer binding resin selected from the group consisting of 
epoxy, styrene, acrylate and urethane, adding to the binding resin a 
modulus and strength increasing ingredient and a weight reduction and 
cost reduction ingredient, locating the structural foam against the part, 
and curing the structural foam to bond the structural foam to the part and 
thereby stiffen the part. 

The method of claim 1 wherein the modulus and strength increasing 
ingredient is beads. 

The method of claim 2 wherein the beads are glass beads. 

The method of claim 2 including using a blowing agent to expand the 

foam upon curing. 

The method of claim 4 wherein the blowing agent is a chemical blowing 
agent. 

The method of claim 4 wherein the blowing agent is a physical blowing 
agent. 

The method of claim 4 including a curing system in the foam to control the 
polymer properties. 

The method of claim 7 including rubber and fibers in the foam to increase 
toughness and strength. 

The method of claim 8 including a rheological agent and diluents in the 
foam to control flow and lower viscosity. 

-10- 
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10. The method of claim 9 including filler surface treatment to bond the 
polymer to the filler for obtaining stronger physical properties of the foam. 

1 1 . The method of claim 1 0 wherein titanates are used for the filler surface 
5 treatment. 

12. The method of claim 10 including an internal mold release agent in the 
foam, and curing the foam at elevated temperature. 

1 3. The method of claim 1 0 including curing the foam at ambient temperature, 
and bonding the foam to a pre-formed part. 

10 1 4. The method of claim 1 0 wherein the part is made of plastic material. 

1 5. The method of claim 1 4 wherein the part is an automotive component. 

16. The method of claim 1 5 wherein the part is a pickup truck bed. 

1 7. The method of claim 1 5 wherein the foam is bonded to the part at spaced 
locations. 

15 18. The method of claim 10 wherein the part is a hollow molded part, and the 
foam fills the part. 

19. The method of claim 1 wherein the part is made of plastic ni terial. 

20. The method of claim 1 9 wherein the plastic material is selected from the 
group consisting of SMC and ABS. 

20 21. A stiffened part made by the method of claim 1. 

22. A stiffened part made by the method of claim 14. 

23. A pickup truck bed made by the method of claim 1 0. 

24. The bed of claim 23 wherein the bed comprises two layers of plastic 
material with said foam being a core sheet between said layers. 

25 25. The bed of claim 24 wherein said plastic material is SMC. 



-11- 



PCT/US98/16461 





INTERNATIONAL SEARCH REPORT lui«««i,.ua . w ik^jo„ N o. 

PCT71 150ft/ tAAAi 


| C (Continuition). DOCUMENTS CONSIDERED TO BE RELEVANT 


1 Category* 


1 Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


US 5,285,604 A (CARLIN) 15 Februaiy 1994, column 6, lines 31- 
33 and column 8, lines 51-53. 


23-25 



Pons PCT/ISA/210 (continuation of second sheet)(July 1992)* 



INTERNATIONAL SEARCH REPORT 



International Application No. 
PCT/US9&716461 



I A* CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :B29C 44/06; B32B 7/12; B62D 33/02 
USCL : 264/045.3; 42873 17.7;2967039.2 

[ According to International Patent Purification (IPC) or to both 



national clarification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (claudication tyitem followed by daaiification symboli) 
U.S. : 264/045 3; 046.4, 053, 054; 2967039.2; 42&V317.5, 317.7; 523/218, 219 

I Documentation icarched other than minimum documentation to the extent that luch documenti are included in the fields aearched 



Electronic daU baae consulted during the international search (name of data baae and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 

|Y 



A 
A 



US 4,250,136 A (REX) 10 February 1981, the entire document. 

US 4,623,584 A (MASUI ET AL) 18 November 1986, the entire 
document 

US 4,876,055 A (CATTANACH) 24 October 1989. 



US 5,007,643 A (OKUMOTO ET AL) 16 April 1991. 
US 5,258,089 A (TANAKA ET AL) 02 November 1993. 



1-25 
1-25 



0 

Further documents are listed in the co ntinuatio n of Box C. £j| Sec patent fa m ily annex 



[•A* 

•g» 

IV 



Spaaial oatefortea of cited documaott: 

doeuatBtdtlmas gttwrml state of tha art vhich it not cooaidarvd 
to ba of particular nlavaoca 



•X* 



bob* puhbhad ca or alter tha intwntlicmal fiuaj date 

dooumost which may threw doubte oo priority claia(t) or which it 
dud to oateblka tha publication dote of mother citation or other 
•poakJi*oaoo<aa*j>aciriad) 0 Y* 

doooBOBft rofoiriag Co an oral dtaclocur*, um, ^kbau,, „ Qt ^ m 

dooumoatpuolMhod ^Titi-nil fiTmi Vii U ter A m 

flho priority data olahmad ' 



later doouaaoi pubfrhod *~ — f fHtrf data 

date aod not fa aooiUot with tho apptiaafcoo but cited to < 
tho principle or theory uoderry** the iavanooa . 

do cu m an t of particular retevanee; tha claimed fanrcottoa < 
i norel or caoooi bo onnifcWcd to groHo aa mm 
mat»| 



docaawaat of particular releraace; tha cleaned kvenlkm 
eoaaidorod to torolve oa favcoaVe atop whoa tho 




I Date of the actual completion of the intemitin mi search 
04 NOVEMBER 1998 



Date of mailing of the ™t*mitiftns1 search report - 




| Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
BoxPCT 

Waahmftoo.aC 20231 



Authorized officer] 
Allan Kuhns 



